Objectives: The aim of this study was to examine the feasibility, technique, and clinical and angiographic outcomes of endovascular coiling to treat a cerebral aneurysm with a branch incorporated into the aneurysmal wall. Methods: From 2012 to 2016, 25 patients with 26 cerebral aneurysms having a branch incorporated into the aneurysm (9 unruptured, 17 ruptured) were treated to prevent rupture or re-bleeding from the sac while preserving the incorporated branch by using single-catheter (n ¼ 18), balloon-remodeling (n ¼ 4), stent-assisted coiling (n ¼ 3), or double-catheter (n ¼ 1) techniques. Results: Endovascular coiling was conducted in 26 procedures without angiographic occlusion of the incorporated branch. Post-embolization angiography revealed near-complete occlusion (n ¼ 8; 30.7%), neck remnant (n ¼ 13; 50%), and incomplete occlusion (n ¼ 5; 19.3%) aneurysms. Thromboembolisms were observed in four (15.4%) patients during or after the procedure. A procedure-related neurological deficit was observed in one (3.8%) patient. When patients with a preictal modified Rankin Scale (mRS) score of 3 presenting with grade 5 subarachnoid hemorrhage were excluded, all patients had favorable outcomes (mRS 0-2). Six (23.1%) recurrent aneurysms were observed during follow-up, five of which were treated endovascularly at 5-22 months without complication. The location of an aneurysm at the ICA-posterior communicating artery associated with the dominant-type posterior communicating artery was significantly associated with recurrence (p ¼ 0.041). Conclusions: Cerebral aneurysms with an incorporated branch were safely treated using conventional endovascular coiling. However, treatment durability was unsatisfactory, especially for dominant-type ICA-posterior communicating artery aneurysms.
Introduction
Since the publication of the International Subarachnoid Aneurysm Trial (ISAT), 1 endovascular coiling has been accepted as the established treatment in the management of ruptured and unruptured cerebral aneurysms. Cerebral aneurysms are increasingly treated endovascularly, and the treatment of the majority of cerebral aneurysms has become technically feasible. As an example, because of the remarkable advances in the technique and technology for endovascular treatments, an aneurysm with a branch incorporated into the aneurysmal wall can be embolized without occlusion of the incorporated branch, 2,3 which was considered difficult in the past. However, although it has become easier to preserve an incorporated branch, some ICAposterior communicating aneurysms associated with a dominant-type posterior communicating artery remain difficult to treat in balancing the patency of the incorporated posterior communicating artery and treatment durability to prevent bleeding. Cho et al. advocated stent usage depending on incorporation of the posterior communicating artery into the aneurysm, the size of the posterior communicating artery, and the configuration of the aneurysm. 4 Although several case series have been reported, 2, 3, 5 little is known about the clinical and angiographic outcomes of these cases during follow-up. The present study retrospectively evaluated the treatment of 26 aneurysms with circumferentially incorporated branches in 25 patients who underwent endovascular coiling, and the feasibility, technique, follow-up outcome, and limitations are presented.
Materials and methods

Patients
Twenty-five patients with 26 aneurysms having one or two branches incorporated into the aneurysm apart from the normal parent artery and treated in the authors' hospital between April 2012 and February 2016 were retrospectively evaluated. In this series, the entire orifice of the incorporated branch was located in the aneurysmal wall. The patients included 7 men and 18 women, with ages ranging from 20 to 88 years (median 65 years).
Endovascular coiling
The median size of treated aneurysms was 5 mm (range 3-11 mm). Dual antiplatelet premedication (100 mg of aspirin plus 75 mg of clopidogrel or 200 mg of cilostazol) was administered to all patients with unruptured aneurysms, whereas no antiplatelet premedication was given to patients with ruptured aneurysms. All the patients with ruptured aneurysms were treated under general anesthesia, whereas all the patients with enraptured aneurysms were treated using local anesthesia. Anticoagulation was initiated by an intravenous injection of a bolus of 2000-5000 IU of heparin just after the introducer sheath placement to increase the activated clotting time by 2 -to 2.5-fold above the baseline. In addition, 40 mg of ozagrel sodium was intravenously administered in three patients with ruptured aneurysms during the procedure. In 18/26 procedures, endovascular coiling was performed using the single-catheter technique with various types of coils ( Figure 1 ). In the other procedures, balloon-remodeling (n ¼ 4), stent-assisted (n ¼ 3), and double-catheter (n ¼ 1) techniques ( Figure 2 ) were used based on the aneurysm geometry. A stent-assisted technique was used only in patients with unruptured aneurysms. A double-catheter technique was used in a patient with a bilobulated aneurysm. The immediate angiographic outcomes were classified into one of three categories: near-complete occlusion, neck remnant, or incomplete occlusion. 
Clinical and angiographic follow-up
The patients were clinically assessed by neurosurgeons before and after treatment, just prior to discharge, and during clinical follow-up. Functional outcomes were evaluated using the modified Rankin Scale (mRS) score. Follow-up magnetic resonance angiography (MRA) was evaluated to survey recurrence for most cases at 6, 12, and 24 months after the procedures. When recurrence was suspected by the follow-up MRA, catheter angiography was also performed. Follow-up angiographic results were classified into one of three categories: stable or improved occlusion, minor recurrence requiring no retreatment, or major recurrence requiring retreatment. Retreatment was indicated when there was a substantial increase of residual filling.
Statistical analysis
Fisher's exact test was used for comparisons, and a p-value of <0.05 was considered statistically significant.
Results
Procedure outcomes
Demographic and clinical characteristics of the patients and the treatment results are summarized in Table 1 . Nine patients had unruptured aneurysms, and 16 patients presented with subarachnoid hemorrhage (SAH), one of whom had SAH many years before and was initially treated conservatively. Two aneurysms occurring in one patient on both the internal carotid artery (ICA)-posterior communicating artery were treated simultaneously because it could not be determined which side was ruptured. The aneurysms were located on the ICA-posterior communicating artery in 12 (46.2%) cases, the middle cerebral artery in four (15.3%), the anterior communicating artery in three (11.5%), the distal anterior cerebral artery in two (7.7%), an ICA paraclinoid aneurysm in one (3.8%), an ICA-anterior choroidal artery in one (3.8%), and the basilar artery in one (3.8%). All aneurysms were substantially occluded with preservation of the incorporated branch, and thus the technical success rate was 100%. Post-embolization angiography revealed near-complete occlusion in eight (30.7%) aneurysms, neck remnant in 13 (50%), and incomplete occlusion in five (19.3%). Thromboembolisms were observed in four (15.3%) patients during or after the procedure. Two of the patients had transient neurological ischemia, one of whom remained asymptomatic. Increased SAH due to vessel injury during the procedure using the balloonremodeling technique was observed in one patient without any neurological sequelae. Neither procedural rupture nor post-procedural bleeding was observed in the follow-up period. Procedure-related neurological deficit was observed in one (3.8%) patient. In this patient, surgical clipping was avoided due to her advanced age (88 years), even though the configuration of the aneurysm located in the ICA-posterior communicating artery was not suitable for coiling. She had postoperative embolic infarcts in the right occipital lobe and left hemianopia. However, her preictal mRS was >2, and she had poor prognosis due to her advanced age. Thus, procedurerelated poor outcome in this series was 0%.
No patients with unruptured aneurysms had a change of mRS score after treatment. Two patients who presented with grade 5 SAH, and one patient who had a preictal mRS score >2 had poor outcomes, including one death. All remaining patients with ruptured aneurysms had favorable outcomes (mRS 0-2) at 90 days after treatment. However, one of them died due to multiple organ failure secondary to sepsis unrelated to the procedure or the cerebral aneurysm after six months.
Follow-up outcomes
Twenty of the 26 aneurysms were followed up with at least MRA or catheter angiography. Fourteen of the 20 showed stable or improved occlusion, and six had major recurrences, as shown in Table 2 . Five of the six major recurrent aneurysms were located in the ICA-posterior communicating artery associated with the dominant-type posterior communicating artery. The other recurrent aneurysm was located in the origin of the lenticulostriate artery of the middle cerebral artery. The location of the ICA-posterior communicating artery associated with the dominant-type posterior communicating artery was significantly associated with recurrence compared with other location (p ¼ 0.018). Four of the six major recurrent aneurysms initially presented with SAH. Five major recurrent aneurysms were retreated without any complications using single-catheter (n ¼ 2) or stent-assisted (n ¼ 3) techniques, as shown in Figure 3 . In one patient with a major recurrence, retreatment had been suspended because of the patient's advanced age and concomitant chronic kidney disease. A second retreatment was performed in one patient with recurrent middle cerebral aneurysm that was likely due to the vulnerability of the aneurysmal wall after nine months.
Discussion
Endovascular coiling has been established as the standard treatment in the management of unruptured as well as ruptured cerebral aneurysms worldwide. [6] [7] [8] [9] In the past, having an incorporated branch in the aneurysm was considered a contraindication for endovascular coiling. However, because of the development of new devices and techniques, it has become feasible to treat such aneurysms endovascularly.
In the present series, all aneurysms were substantially occluded with preservation of the incorporated branch. Thromboembolic events, including one case of transient occlusion of the anterior temporal artery that was recanalized by the administration of ozagrel sodium (40 mg), were observed in four patients, only one of whom had permanent neurological sequelae. Overall, the complication rate in this series was comparable with that in previous reports. [10] [11] [12] [13] [14] [15] [16] In the present series, various endovascular techniques were used to treat the aneurysm and protect the incorporated branches. A conventional singlecatheter technique was sufficient to treat 15 (65.2%) aneurysms, a higher percentage than that previously reported. 3 This was likely due to recent advancements in complex or three-dimensional coils or vascular imaging using a flat-panel detector angiography suite, as well as the development of endovascular techniques to deliver coils. The most important things are to put the first caging coil as near as the origin of incorporated branch and to add softer or thinner coils into the framing coil as much as possible without moving it. As Kim et al. mentioned, 3 although balloon-remodeling or stent-assisted embolization techniques have some roles, balloons or stents were designed to protect the parent artery but not the incorporated branch.
The potential for increased risk of recurrence is a major concern when using coiling as treatment for aneurysms with an incorporated branch because the aneurysm cannot be completely occluded in order to protect the origin of the incorporated branch. In the present series, the recurrence rate of aneurysms located in positions other than the ICA-posterior communicating artery was 7.1% in the short-and mid-term follow-up, which is consistent with that in previous reports. 4, 13, [16] [17] [18] [19] In contrast, the recurrence rate for aneurysms located in the ICA-posterior communicating artery was 41.7%, which was higher than generally thought. However, Cho et al. also reported that the recanalization rate, even after stent-assisted coiling, of the ICA-posterior communicating artery was 29.6%. All three recurrent ruptured ICA-posterior communicating artery aneurysms were initially treated using a balloon-remodeling technique, and retreatment was performed using stent-assisted coil embolization without any further recurrence in the follow-up period. In fact, the use of stent-assisted coil embolization is not officially allowed in the acute phase of subarachnoid hemorrhage in the Japanese market because dual antiplatelet premedication is essential to prevent thromboembolism. However, considering that all three patients have an mRS of 0 at the present time, initial treatment using a balloon-remodeling technique can be justified to prevent re-bleeding and to achieve a good outcome. Near-complete occlusion was achieved in all of them at the last follow-up. In contrast, the two patients with recurrent unruptured ICA-posterior communicating artery aneurysms, in whom endovascular treatment was selected due to their advanced age (>80 years), had major recanalization, probably due to incomplete embolization in one patient with a dominant-type posterior communicating artery arising from the dome of the aneurysm and enlargement of the aneurysmal wall in the other, in spite the use of a stent-assisted technique as the first-line treatment. Thus, the risks and benefits should be carefully considered in the decision to treat aneurysms of this category, especially for ICA-posterior communicating artery aneurysms. Although all recurrent aneurysms were associated with the dominant-type posterior communicating artery, sacrificing the dominant-type posterior communicating artery is not justified. 20 Campi et al. also reported in their analysis of the ISAT that ICA-posterior communicating artery aneurysms underwent significantly more retreatment than those in other locations. 19 The high flow of the internal carotid artery and persistent flow of the large-size posterior communicating artery are thought to be the underlying mechanisms. Another explanation is that the packing density during the coil embolization tends to become looser when we try to preserve the patency of large-size posterior communicating arteries. Thus, clipping should be the preferred option in the management of an ICA-posterior communicating artery aneurysm associated with the dominant type posterior communicating artery. Alternatively, however, a flow-diverting stent can be a viable option. Yu et al. reported on their experience treating 178 aneurysms using the Pipeline embolization device, and found that the side branch occlusion rate was only 1.4%, and that a two-branch occlusion of the posterior communicating artery did not affect clinical outcomes. 21 They concluded that endovascular treatment using the Pipeline embolization device was promising for aneurysms with incorporation of side branches into the aneurysm. Brinjikji et al. reported patency of the posterior communicating artery flow diversion treatment. 22 They had no neurological complications, in spite of the fact that about one half of the posterior communicating arteries showed occlusion of diminished flow at follow-up after flow diversion deployment. They suggested that the pressure gradient across the device struts might be the key factor determining patency of branch artery. However, Kan et al. reported treatment failure of fetal posterior communicating artery aneurysms with the Pipeline embolization device, and do not recommend the usage of flow diversion devices for these aneurysms. 23 Thus, more experience and debate are required to draw more definitive conclusions regarding the optimal endovascular treatment of ICA-posterior communicating artery aneurysms associated with the dominant-type posterior communicating artery.
There are some limitations in the present series. Because of the retrospective nature of this study, selection bias may be present. However, the selection bias may have been minimized by the data for aneurysms with incorporated branches treated endovascularly being recorded prospectively into a database. A second limitation is the limited number of cases based on personal experience. Thus, the findings should be confirmed in a larger prospective study.
Conclusions
By using conventional endovascular treatment techniques, cerebral aneurysms with a branch arising from the sac can be safely treated by coiling. However, the durability of the endovascular coiling treatment was unsatisfactory, especially for ICA-posterior communicating artery aneurysms associated with the dominanttype posterior communicating artery.
